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摘  要 
燃料电池是一种能够直接把燃料的化学能转化为电能的能量转换装置，具有
转化效率高、能量密度高、环境友好等优点。在各种燃料电池中，碱性阴离子交
换膜燃料电池 (Alkaline Anion Exchange Membrane Fuel Cells, AAEMFCs) 因具有
反应动力学快、可使用非贵金属催化剂、燃料渗透率低等优点而受到越来越多的
















量和温度的增大而增大。综合性能最优的 QPEN-0.8膜的 IEC 为 2.20 meq. g-1，
OH


























其中，ImPPESN-71.7% (ImPPESN-19-22) 膜性能最优，其 IEC 为 2.07 meq. g-1，
OH






ImSPPESN-0.8膜性能最优，其 IEC 仅有 1.35 meq. g-1，但是 OH−离子电导率在







明，C-HPPES-4/1 膜的性能最优，其 IEC 为 1.83 meq. g-1, OH−离子电导率在

















Fuel cell is an energy conversion device, which could convert the chemical 
energy of fuels into electrical energy directly, and shows high conversion efficiency, 
high energy density and environmental friendliness. Of various types of fuel cells, 
alkaline anion exchange membrane fuel cells (AAEMFCs) have drawn more and 
more attention because they have some advantages, including faster fuel oxidation 
kinetics in alkaline media, allowing for the use of nonnoble metal catalysts and lower 
fuel crossover. As a key component of AAEMFCs, AEMs act as a barrier for 
separating the fuel and oxidant and transmit the hydroxide ions from the cathode to 
anode. AEMs will determine the fuel cells’ properties, such as the rate of energy 
conversion and lifetime. However, the existing AEMs display insufficient ionic 
conductivity or/and dimensional and alkaline stability which limit their applications 
for AAEMFCs. Hence, the preparation of high-performance AEMs with high 
hydroxide conductivity, good dimensional and alkaline stability is an urgent study for 
the development of AAEMFCs. 
In this dissertation, a series of polyarylethers was designed and synthesized to 
prepare AEMs for alkaline fuel cells. Their chemical structures were confirmed by 
1
H 
NMR spectroscopy, Fourier transform infrared spectroscopy (FT-IR) and gel 
permeation chromatography (GPC). Scanning electron microscope (SEM), 
transmission electron microscopy (TEM), atomic force microscopy (AFM) and small 
angle X-ray scattering (SAXS) were applied to characterize the microstructure of the 
as-prepared membranes. The ionic exchange capacity (IEC), water uptake, swelling 
ratio, ionic conductivity, thermal and alkaline stabilities of the membranes were also 
measured. The structure−property relationship of the AEMs was studied thoroughly. 
A series of quaternized tetrabenzyl-containing poly(arylene ether nitrile)s AEMs 
(QPEN-x) was prepared. The ratio of hydrophilic to hydrophobic segment on the 
polymer backbone was varied to study the structure–property of the AEMs. With 














QPEN-x possessed a self-anti-swelling property resulting in a low water uptake and 
swelling ratio. As confirmed by TEM, the ion groups introduced selectively and 
densely on the unit of phenolphthalein as the hydrophilic segments were allowing for 
the formation of the ion clusters. Furthermore, the ion cluster size of the membranes 
increased with the hydrophilic segment. The hydroxide conductivity of the 
membranes increased with the hydrophilic segment and temperature. QPEN-0.8 
membrane has the optimal performances with an IEC of 2.20 meq. g
-1
, hydroxide 
conductivity in the range of 37.6−98.1 mScm-1 and a swelling ratio of 32.6% at 60 °C. 
Considering that the polymer is randomly composed of hydrophilic and hydrophobic 
repeating units and the water uptake is very low in the membrane, there is still room 
for improving the ionic conductivity of the QPEN-x. 
In order to improve the ionic conductivity of the AEMs without remarkblely 
sacrificing its self-anti-swelling property, two kinds of multiblock poly(arylene ether 
sulfone nitrile) AEMs were prepared. The difference between them is that the ion 
groups are selectively and densely located on the phenolphthalein-sulfone segments 
for one (ImPPESN-71.7%) and on the bisphenol A-sulfone segments for the other 
(ImPESN-73%). The membrane morphology structure analyses suggested that the 
presence of bulky phenolphthalein groups on the hydrophilic segment of multiblock 
copolymer could expand the interchain spacing and ionic domain size and facilitate 
the formation of larger and more developed interconnected ion-transport channels in 
the membranes. As a result, higher water uptake and hydroxide conductivity were 
achieved in ImPPESN-71.7%. Furthermore, ImPPESN-71.7% also showed lower 
swelling ratio, higher mechanical properties, and better thermal and alkaline stability 
than ImPESN-73%. The influence of the bromomethylation degree and hydrophilic 
block length on the structure and properties of the ImPPESN membrane was further 
investigated in detail. The IEC, water uptake, swelling ratio, hydroxide conductivity 
of the ImPPESN-x membranes increased with increasing the bromomethylation 
degree and hydrophilic block length. ImPPESN-71.7% (ImPPESN-19-22) has the 
optimal performances with an IEC of 2.07 meq. g
-1
, hydroxide conductivity in the 














A series of side-chain-type phenolphthalein-based poly(arylene ether sulfone 
nitrile)s containing imidazolium groups on the cardo side chains was synthesized to 
prepare AEMs (ImSPPESN-x). The nitrile group content was varied to study the 
effect of nitrile group on the morphology and properties of the AEMs. With the 
imidazolium ion groups locating on the cardo side chains, all the ImSPPESN-x 
exhibited well-defined microphase-separated structures. Furthermore, with increasing 
the nitrile group content, a more defined space between the polymer main chains and 
more efficient ion-transport channels could be formed in the AEMs. The 
ImSPPESN-x also showed good mechanical properties, and thermal and alkaline 
stability. ImSPPESN-0.8 shows the optimal performances with an IEC of 1.35 meq. 
g
-1
, hydroxide conductivity in the range of 35.3−81.4 mScm-1 and a low swelling ratio 
of 9.8% at 60 °C.  
In general, constructing developed ion-transport channels and restricting the 
swelling ratios are the critical issues for improving the performance of AEMs. We 
designed and synthesized a series of heptamethyl phenolphthalein-containing 
poly(arylene ether sulfone)s to prepare crosslinked AEMs via crosslinking between 
ionic regions (C-HPPES-x/y). The crosslinking of the hydrophilic ionic regions would 
not only improve the dimensional stability of the membrane, but also intend to 
increase the aggregation of the ion clusters, allowing for the formation of microphase 
separated structure and ion-transport channels. The swelling ratio as well as the AFM, 
TEM and SAXS results verified above hypothesises. C-HPPES-4/1 membrane has the 
optimal performances with an IEC of 1.83 meq. g
-1
, hydroxide conductivity in the 
range of 76.7−143.4 mScm-1 and a swelling ratio of 17.4% at 80 °C. 
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